Introduction
The supporting information contains a description of methodological aspects (Text S1 to S3), five figures ( Figure S1 to S5) and two movies (Movie S1 to S2), which have been realized using the model outputs of ORCA025 and ORION12.
Text S1.
For technical reasons, a discontinuity is present in the nested domain of ORION12 between 69.5°E and 76.5°E (Fig. 1a) . In the following we assess that this discontinuity does not have a significant effect on the mesoscale activity within and downstream of the discontinuity. First, we compare the sea surface height (SSH) variance (a measure of surface geostrophic eddy variability) in a standalone ORCA025 experiment at 1/4° resolution with the SSH variance in the ORCA025 host model of the ORION12 configuration (Fig. 1d) . Within the nest discontinuity, SSH variance in the host model of ORION12 is ~20% higher than in the standalone ORCA025 model, despite the fact that the two models have the same horizontal resolution in the nest discontinuity. This behavior may be explained by the capability of the "eddy-permitting" host model of ORION12 of maintaining much of the mesoscale activity formed in the nested domain within the discontinuity (Movie S2). To further corroborate this deduction, a Hovmöller diagram of SSH anomalies at 44.5°S for longitudes embracing the nest discontinuity (Fig. S3) shows that SSH anomalies originating west of the nest discontinuity propagate without hindrance across the nest discontinuity, indicating that eddies formed in the nested domain are not dissipated within the host grid.
Text S2.
The ORCA025 model exhibits very little formation of Antarctic Bottom Water (AABW) on the continental shelf, as typical for this class of ocean models [Goosse et al., 2001; Heuzé et al., 2013] . The progressive loss of dense AABW, a process that decreases the baroclinicity of the ACC on multi-decadal time scales, gives rise to a negative trend in the ACC transport (Fig. S1a) . To achieve a better representation of AABW, we apply a three-dimensional relaxation sponge in areas of recently formed AABW (black regions outlined in Fig. S4 ) where we relax temperature and salinity to the World Ocean Atlas climatology [Levitus et al., 1998 ] with a relaxation time scale of one year. The sponge region is confined to water masses approximately south of the 0.5°C isotherm, defining the Southern ACC Front, and is restricted to a depth 1000 m below the surface and 500 m above the ocean bottom in order to avoid spurious sources of vorticity. The application of the three-dimensional relaxation sponge yields an attenuation of the model drift of the ACC transport of about 50% (Fig. S1a) . Given that the relaxation is applied regionally, the concern could rise that the regionality of the EKE multi-decadal changes found in the HIND experiment might be affected by the regionality of the relaxation. This however does not appear to be the case: in the HIND experiment (detrended with the CLIM experiment as throughout this paper) residual trends in temperature and salinity in the AABW depth range do not have any spatial correspondence with the areas of relaxation (Fig. S4 ). This is likely because the relaxed water masses do not remain confined to the relaxation domains but circulate around the Antarctic continent.
Text S3.
Throughout this study we analyze EKE at 100 m depth. This diagnostic has the advantage of being based on the full ocean velocity fields and of being negligibly affected by both wind-induced velocities and interaction with the topography. In order to perform a clean comparison between simulated and satellite-observed EKE we also computed surface geostrophic velocities based on 5-day means of sea surface height (Fig. S5) . It can be seen that overall the variability and correlations with the AVISO product are comparable when using surface geostrophic EKE or EKE at 100 m depth. temporal lag of the maximum correlation between wind stress and EKE (wind stress leading); lags shorter than 1 year are not resolved. The SAM index was computed as the difference between 41°S and 66°S of annually-and zonally-averaged sea level pressure in the COREv.2 data set. It should be noted that past studies have chiefly used the SAM index to infer a relationship between wind forcing and EKE [e.g. Meredith and Hogg, 2006; Morrow et al., 2010; Langlais et al., 2015] . 
